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Questionnaire surveys of communities who are harassed by noise from overflying aircraft or nearby road traffic have revealed a number of underlying causes for the registered complaints (6) . The most intense reactions to noise in these surveys have been reported when sleep and rest were disturbed (1) . Although there have been several studies investigating noise thresholds for awakening during sleep (3, 5) none have systematically examined the effects of noiseinduced sleep disruption on the overall night's sleep pattern.
Since the sleep patterns of different age groups vary (2) age is potentially an important factor in the study of sleep patterns of communities harassed by noise, and therefore subjects from three different age groups were tested in the present study.
Method

Subjects
Six men who were paid volunteers served as the subjects -two from each of the three age groups (twenty-five, fifty and seventy years). The men from each age group were tested in pairs. To exclude any highly deviant subject and to obtain relevant background information the six volunteers were given the following screening battery: 1) Minnesota Multiphasic Personality Inventory.
Design
The experimental sequence involved fifteen continuous nights and days. The first five nights (1 through 5) of the experiment were for acclimation to the laboratory and to obtain baseline recordings of sleep patterns. During each of the next three nights (6 through 8) there were six to ten sleep disturbances designed to induce awakening (6 with continuous noise, 7 with impulsive noise and 8 alternating continuous and impulsive noise). During the succeeding six nights (9 through 14) noises intended to cause sleep stage shift without awakening were presented (on 9 through 11 the subjects received impulse noise six to ten times per night at a level sufficient to produce a stage shift, while on nights 12 through 14 they received continuous noise six to ten times per night at a level sufficient to cause a stage shift). The final night (15) served as a non-noise recovery night. One member of each pair of subjects was designated as the experimental subject, and noise presentations were such that he received at least two testings in each of three stages (2,3-4 and rapid eye movements REM). The other member of each pair (the yoked subject) received the same noise irrespective of his sleep stage.
For all subjects a stage shift was defined as a change in sleep stage after the presentation of the test noise with each stage of sleep determined by the criteria outlined by Rechtschaffen and Kales (4) . The subject pressed a button (which was taped to his hand) four times to indicate his awakening.
The six subjects had their post-sleep behaviour monitored three times a day but these data are not given here. 8S-197 The volunteers were instructed as to the nature of this study and were told that they would be paid only if they completed all fifteen nights and days of testing, and they were also told not to nap, take alcohol or medicine or to change their activity during the course of their participation in this study.
The six subjects slept for fifteen consecutive nights in two adjacent single bedrooms. On each night, continuous electroencephalographic (EEG), electromyographic (EMG), and electro-oculographic (EOG) recordings were obtained for five hundred minutes, using the standard techniques and procedures described by Rechtschaffen and Kales (4) . These measurements were monitored on a polygraph (Grass, Model 5) located in an adjoining control room.
A broad-band noise having most energy confined to frequencies below 500 Hz was used as the continuous noise source, and it was electrically generated, amplified and passed to two loudspeakers (in each bedroom) located at positions on each side of the subject's head. The impact noise was a tape-recording of a hammer blow reproduced at half its original recorded speed and looped for repeated playback at intervals of one-per-minute. Measured rise time and durations of the impact signal were .70 msec and 300 msec respectively. The impact signal was fed through the same amplifier-speaker already described. The experimenter increased the strength of the two noise signals to effect awakening or stage shift via attenuators.
Results
In order to determine the extent of sleep disruption each 30-second sleep epoch of EEG, EMG and EOG recordings were analysed and scored for the standard sleep stages (4) . The sleep records of nights 3 and 4 were used as the base for the control condition to minimize the 'first night effect' of nights 1 and 2 and also any participation effects of night 5. Table I shows the number of awakenings and stage shifts for the three age groups for the four conditions; control nights (3) (4) , awakening nights (6-8) , shift nights (9-14), and recovery night (15). The number of awakenings during the awake condition was 8.9 as compared to only 6.3 during the shift condition and only 5.9 in the control condition. There was a decline in the number of awakenings on the recovery night to less than half that of the control nights. This effect could be due to the recovery from sleep disruption and/ or a failure to reach a base level during the control nights. The results of the number of awakenings as a function of age indicates that the twenty-five year old subjects show- ed a decreased number of awakenings in the shift condition as compared to the awake condition. However, the number of awakenings in the shift condition were higher than the control and recovery conditions. In the older age groups (fifty and seventy year olds) this distinction between conditions was not maintained but all three groups showed a reduction in awakenings on the recovery night. This suggests that some sleep disruption did occur even in the older age groups during the test nights. The stage shift data show (Table I) that noise-induced sleep disruption only minimally affected the number of sleep stage shifts during the night. It can be seen that while the twenty-five year old subjects had an increase in the number of stage shifts with the introduction of noise, the older age groups showed no effect. The stage shift data are in agreement with the number of awakenings in that a stable sleep profile may be a prerequisite for showing sleep disruption as measured by the number of stage shifts. Table II presents the average percentage of time spent in each sleep stage for each age group and all subjects combined. The data pooled across all subjects show that some sleep loss occurred during the awake condition but was negligible during the shift condition. However, there was an increase in sleep time on the recovery night, suggesting that some sleep disruption may have occurred. The idiosyncratic response to noise by different age groups was clearly demonstrated in the data. The twenty-five year old subjects showed a steady decline in the time awake over the fifteen nights. In addition, the time to sleep onset, as measured by the beginning of the first stage 2 of the night, decreased and thus they showed no sleep loss during the noise conditions. The fifty year old subjects showed a substantial sleep loss on the first noise night and then recovered. The response of the seventy year old subjects to the introduction of the noise was to increase the time spent awake. The time awake each night of the test condition was above the control condition.
In the scoring system used in this study (4) a score of awake was always given precedence over a score of movement time. This tends to confound the interpretation of movement time data, and the present data reflect this interaction. The twenty-five and fifty year old subjects showed an increase in movement time for all test conditions as compared to the control condition. The increase was more marked for the twentyfive year olds. In contrast, the seventy year old subjects showed a decrease in movement time. This pattern of results suggests that the noise tests produced movement time but not awakening in the twenty-five and fifty year old subjects, while resulting in awakening in the oldest group.
The most striking result from the introduction of noise during sleep was the increased amount of time in stage 1 non-rapid eye movement (NREM) sleep. Compared to the control condition it increased 2.7 per cent of the total night in the awake condition and 1.7 per cent in the shift condition. It decreased 1.3 per cent from the control condition on the recovery night. Stage 1, as with most of the variables which make up the sleep profiles, showed distinct agerelated effects. The only clear increase in stage 1 with the introduction of the noise test session occurred in the youngest age group and it was also the only age group which showed no decline below the baseline for stage 1 for the recovery night. In contrast to the striking rise in the twentyfive year olds, the rise in stage 1 for the other subjects was negligible.
Stage 2 occupied the largest portion of the night's sleep. No functional significance has been attributed to it and it seemed to be a 'catch all' stage. This interpretation of stage 2 is supported by the present data in that there were no systematic changes in the stage for any of the age groups.
The introduction of noise also produced a decrease in stages 3-4. Compared to the control condition there was a 2.5 per cent decrease in the awake condition and a 1.3 per cent decrease in the shift condition of stage 3-4 sleep. In the recovery night there was a 2 per cent increase over the baseline. This increase may reflect a rebound, and if so it would further evidence the decline of stage 3-4 during the noise test conditions. The analysis of the stage 3-4 data again points out the age-related reactions to noise-induced sleep disruption. The twentyfive year old subjects showed no decrease in stage 3-4 in any of the noise conditions but the fifty year olds showed their most striking sleep profile change to noise in that stage. There was a reduction during all the noise conditions for stage 3-4 and a rebound on the recovery night. Their change clearly differentiates their response from that of the youngest group. The most profound changes in stage 3-4 occurred in the oldest subjects and they showed the most substantial decline of this stage across the noise condition, with a rebound on the recovery night.
The subjects exhibited only a slight and inconsistent decrease in stage REM. The theories about the function of this stage predict that almost any acute condition reduces it, and therefore it might be concluded that the noise produced was only sleep disruption.
Summary and Conclusions
The sleep profile data pooled across all subjects indicate that there was limited sleep disruption due to noise. The most pronounced group effects were an increase in the time spent in stage 1, a decrease in the time spent in stage 3-4 and an increase in the total number of awakenings during the awake condition. However the data do not reveal any significant effects of the noise on sleep. This conclusion is supported by the minimal effects of the noise on REM. It remains to be seen whether more frequent and/ or more intense noise would lead to greater sleep disruption.
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The most significant aspect of the sleep disruption data was the age-related pattern. The twenty-five year old subjects had particularly stable sleep patterns during the control nights and with the introduction of noise the number of awakenings and the number of stage shifts increased. The effects of the noise on these two measures for the older subjects was not as marked, and this seemed to be due to the less stable nature of their control nights. The youngest age group showed no effects of noise on the total time awake but did show an increase in both stage 1 and movement time. On the other hand the oldest subjects markedly increased the time they spent awake during the noise nights but showed a reduction in movement time and no change in stage 1.
The fifty year olds were intermediate with respect to each measure. Thus, the older the subjects were the more the effect of noise was pronounced, resulting in more time awake for the seventy year old subjects and a 'lightening' of sleep for the twenty-five year olds, and this conclusion is supported by the stage 3-4 data. The fifty and seventy year olds showed more marked decreases in stage 3-4 than did the youngest group. These results, which are particularly consistent in view of the small number of subjects, suggest that the specific nature of sleep disruption due to noise varies with age.
